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ABSTRACT

Many building energy analysis tools, ranging from the simplest to the

most sophisticated, are applicable to the design of large commercial

buildings. This paper focuses on two of the sopilisticated, detailed, and mst

powerful of these tools: the DOE-2 and BLAST computer programs. DOE-2 and

BLAST are generally classed as high-level, computer-dynamic methods that are

based on hour-by-hour computation.

These tools are placed in the context of building energy analysis, and

the motivation for their development is traced. The characteristics of LJC)E-?

and BLAST are discussecl, with emphasl. on their solar simulation features, and

their capabilities are contrasted and related. Three case studies,

illustrating typical applications of the programs to the retrofit ot existing

buildings and the desigrlof IM’VJ buildings, are presented: a passive scllar

~etrofit of an otfice building, th~ use ot DOE-2 as a f.n-edcsignauiilysis tool,

and the uw? of BLAST in a research and development application.

Future directions in researc+ and developnwnt net’ds tor high-lev(:l

builcling energy analysis touls and the progress beiflqmadu twdrd iIIcrcds.’cUSI:

of thuse tools are discussed.

1. INTROIIUCTIUN

Ihe dc>ign of energy-efficient, ellvt’lope-dolllinatell(r~’~idetltialand smd: I

CUmmVImCIal) I),lildingsh~% but?rlstudied fur wvlirdl y(!~rs IJIldis flowtdi)-lywt’11

~mderst[)i][l.(JI tlw oltwr hdud, only recpt)fIy tldvltttl~’)m{’i)[’f’11 cfmt*’I-t!ld t’tl(il”t>

I (,,1[ ]..
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envelope; heating, ventilating, and air-conditioning (HVAC) system; and plant,

under part-load conditions, makes it difficult to integrate hol!rly loads to

determine annual ener~ consumption.

For passive solar heating, cooling, and lighting strategies in particular,

architects and engineers who design large connnercial buildings have not

developed their intuition to the point where these complex interactions are

understood. Therefore, their intuition generally cannot yet lead them to

appropriate energy-efficient design strategies. As a consequence,

sophisticated building energy analysis computer progriims are necessary,

particularly during

approach.

Although there

the latter phases of design, to guide the designer’s

are many sophisticat~d computer-dynamic tools available in

the public and private domain, DOE-2 and BLAST are the two most widely used

public-domain building energy analysis computer programs. The application of

these programs to big building design, with particuli!r emphasis on passive

solar applications, is the subject of this paper.

First, DOE-2 and BLAST ~re related to tht!general l)UildlnCJendrgy afidlysis

context. Then, their characteristics are described, followed by presentation

of three exirmples of their use in big building d’?sig)l. Findily, SCIIIR’ t’(:turu

directions for these and similar high-level anslysis tools are discussed.

11. THE BUILDING ENERG’{ ANALYS15 C(INTIXT

In examining the building energy irlltilysiscontext in which romputur-

dynamic tools s+ucha% DOE-7 md BLAST are applied , we %ee that. it is th~!U%U%

to which a builaing energy andly%is is appli~?d that d~termirle which tools

StlOuld I]uU%eU d~ld hW thy dt”(’ UShd. lhls Colltt!xthds threu dlnk’tl~i~)l)s:
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0 the type of building and its energy complexity;

● the type of application: existing buildings, new buildings, or

research and development; and

● the phase in the design process.

Buildinq Type: Loads Versus Energy Consumption

The first dimension is established because we are dealing with large

con’mercial buildings in whic$ HVAC system interactions and plant part-load

operation have a significant influence on the energy consumption of the

building. In fact, ths energy consumption follows the occupancy/operational

patterns and is generally not proportional to the envelope loads.

Furthermore, traditional design has been based only on peak load conditions

characterized by winter and summer design days.

In contrast, the design of energy-efficient buildings requires that lo~cls

be integrated throughout the year, taking into account the dynamics of

transient operation and the control and part-load operation of the HVAC system

and plant. Consequently, tu determine accurately the anliualenergy

consumption of a proposed design, the analysis tool must nmdel the dynamics of

transient operatiofl and the operatiou and control of the HVAC system and plant,

Type of Application: How Do We Use a Building Energy An~lysi>?

A building energy analysis may be used for the retrofit of an existing

building, the design of a new building, or far rcsedrch and development lcduing

tu improved building designs or design tools. Analysis ot C!xisting huildirlg%

may be used in an en~rgy audit to determine base-cas~ energy corlsurnption

characteristics by end-use category, and then to icwntify cost-etfective

energy conservation opportunities (ECOS+). Similar analys[~s arp used tc

determine cost-eftecLive passive and active soldr rctruf its. Althollgii*.IIu

more obvious first-cut ECUS can be identified by exdmirr,llinllur by uhing vi.’r.y

3



simple analysis tools, the less obvious but still important ECOS usually

require careful analysis of coupled effects using computer-dynamic mthods.

For example, as lighting and cooling energy use are reduced, heating may

become more important. Retrofits cannot be studied independently and in

isolation; their effect on the operation of the whole building system must be

assessed.

In new building design, high-level computer-dynamic tut.ls can be used from

the predesign through the construction document phases, as discussed below.

Bear in mind that coupled systems effects nust be considered, especially in

schematic design and design development. For example, the interaction of a

proposed passive solar strategy with the operation of tileHVAC system may

completely alter or nullify the intended effect of the passive so”lar strategy.

Consequently, appropriate tools that accurately rmdel these often complex and

counter-intuitive interactions, shoulc! be used where these effects

significantly affect the intended use of the building energy analysis.

For research and development work, analysis tools are used in energy

transf’er studies and for strategy, concept, and component performance

assessments. In such cases, specialized tools are required that accurately

model the details of complex energy flows and nonstandard components or system

configurations. Such speciali~ed and detail~d characteristics are normally

found only in computer-dynam- c tools such as DDE-2 and BLAST.

The Design Process——

A representation of the building design process is shown in Fig. 1. Not~!

that in the ~redesiqn ~hase the tasks are to establish the base-case enercrv

goals and budget, to identify the energy problem

to identify potential energy-efficient and soiar——.

computi:r-dynfirnictools may be used in this phase

4
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case study described in Section IV), they are usually cumbersom and ~xpensive.

Very simple tools that can be used quickly, easily, and inexpensively are best;

great detail and sophistication are not required.

In conceptual and schematic design, inappropriate approaches must be

eliminated and a few appropriate alternative strategies need to be evaluated.

One or two schematic designs are then selected for detailed evaluation. During

these phases, computer-dynamic tools such as DOE-2 and BLAST can be used

effectively, but again they are often more difficult to apply than simple

methods. However, where coupled-effects and/or HVAC system and load

interactions are significant, the tools selected must accurately take such

effects into account.

Computer-dynamic tools are most appropriate in the design development and

construction document phase’.when the tasks are to optimize and refine the

design and to check the design against the established energy budyet.

Parametric studies used to select final design parameters are easily

accomplished using such tools as DOE-2 and BLAST,

Available Building Energy Analysis Methods

Building energy analysis methuds are often classified as single-measure,

multiple-measure, and computer-dynamic [1]. Single-measure methods include

the Modified Degree-Day Method and the Equivalent Full-Load Hout% M(.thod. Tlw

M~dified Degree-Day Methnd is restricted to singie--zone, envelope-dominated

structures; the Equivalent Full-Load Hours M~thocl +s Ilighly empirical and h~~

not been validated. Neither is applicable to large conmwrcial buildings.

The multiple-muasure methods include tlw Bin and

and graphical mthods such ds Energy Graphics [2~. A’

Method includes HVAC syst~m and plant eftucts and CWI

accurdt~, It is limited in flexibility and detail arid

5
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tedious if done by hand. Energy Graphics appears to have considerable premise

for application to the early design phase, but is not yet well established or

validated.

Finally, the computer-dynamir category includes many public and private-

domain computer programs, covering a wide range of applications [3]. The key

capabilities of high-level tools such as DOE-2 and BLAST are in the

hour-by-hour simulation of the dynamics of transient operation throughout the

year and their detailed sinmlation of the operation and control of’the HVAC

system and plant. Table 1 lists the significant capabilities of these

high-level programs for application to large conmrcial building analysis and

design. In many cases the detailed accounting of the effects listed is quite

significant.

III. THE PUBLIC DOMAIN PROGRAMS DOE-2 AND BLAST

The DOE-2 and BLAST building energy anaysis computer programs were

developed by the US Governmnt to provide fast

and comprehensive, programs for commercial and

programs have been validated and documented in

and easy-to-use, yet detailed

residential builuings. Both

varying degrees. Both have the

basic structural features of loads, HVAC system, primary energy plant

equipment, arideconomics subprograms.

Ilol-7——

Sponsored by the US Department of Energy, Office of ttw Assistant,

Secretdry for Conservation and Renewable Energy, the DO[-2 computer progr,ml

has been under development since 1977 [4]. Laurence Berkeley Lahor~tory (Llll)

has be~n the lead laboratory in the I.)0[-?dcvelopmpnt effort, with assistiln(:l~

from tlw 10S Alarms Ndtioni)l Laboratory; Argonrle National Labordtol.,yprovid~td

assistam:~’ durirly thu first two years of th:!project., DUE-2 is a d~tailp(l

hour-by-hour program thdt uses hourly weat!l{!rdata ds jlllJUt. A k[!y featur(! Of

DOL-2 is its input processol‘, which u%es a Huilding Descriptiorl Lllllgudge(11[11)
6
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that allows the user to describe the building and its

architectural and engineering terminology. BDL simpl”

by allowing the user to default most input quantities,

input for errors and inconsistencies.

operation in

fies the input process

BDL also screens the

The DOE-2 LOADS program is based largely on ASHRAE algorithms and uses

the weighting factor loads calculative method. Details of the building

construction, shading, zone configurations, and internal load schedules may be

entered by the user. During early design phases when such details are not

knwn, extensive use of default values may be made. Both peak and hourly

loads are calculate.

Some 23 HVAC systems are simulated in the DOE-2 SYSTEMS program,

Features include modeling of control strategies, economizer cycles, exhaust

air heat recovery, and operation of the supply and return fans.

The PLANT program simulates the operation of the primary energy supply

and conversion equipment including boilers, chillers, cooling towers, and

electrical generators. An active solar system simulator [5], which is based

on the structure of the TRNSYS program [6], includes both preconnected and

user-assembled solar heating and cooling systems. Energy storage and heat

recovery equipmnt are also modeled in PLANT. Accurate simulation of the

part-load performance of all plant equipment is a key feature of the PLANT

program; output includes hourly, nunthly, and ~rlnuiilenergy consumption by

end-use category.

Extensive documentation is available for DOE-2 including a Users Guide

[7], Sample Run Book [8]

describing all pragram a

being replaced by an Eng

ml Reterence Manual [4]. ThQ Program Manual

gorithms in detail for earlier versions of DOE-2 is

neers Mdnual that is irlprepat-iition.



A comprehensive validation program for DOE-2 is nearly complete. This

program has included line-by-line coding checks, as well as comparisons with

other building energy analysis program results and comparisons with metered

building data [9].

DOE-2 is available at LBL and at several computer service bureaus. It

runs on CDC and IBM mainframe computer systems.

Various passive solar capabilities have recently been added to DOE-2

[10], including direct gain, thermal storage wall (vented and unvented), and

sunspace systems (see Table 2). Some of these features are still being tested

and are expected to be available in the ne,lrfuture. Note that because of the

weighting factor methodology used to calculate loads, which does not compute

wall surface temperatures, comfort conditions cannot be determined accurately

by WE-2. Also, night-ventilative-cool ing accuracy and flexibility is limited

because of the weighting factor approach used. Additional passive solar

cooling and daylighting c~pabil ities are to be added to DOE-2 in the near

future.

BLAST

The BLAST building energy analysis computer program was developed by the

US Army Construction E:lgineering Research Laboratory (CERL) with recent

assistance from LBL [11]. BLAST is also a detailed hour-by-hour computer

program using hourly weather data as input. Like DOE-2, BLAST has a

user-oriented input language with default and input screening capabilities.

The latest versicrn available to the public is BLAST 3.0.

In contrast to DOE-2, BLAST uses a thermal balance approach to cal~ulate

building loads. Consequently, BLAST calculates wall surface temperatures

allowirlg the determination of mean radiant temperatures and comfort conditions.
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BLAST simulates a wide variety of HVAC systems, their operating and

control systems, fan systems, and economizer cycles and exhaust air heat

recovery. It uses computed space loads, weather data, and user inputs

describing the air-handling system to calculate hot and chilled water, stearll,

gas, and electric demands on the air-handling system. Similarly, the BLAST

PLANT program simulates the part-load operation of primary energy equipment.

Its active solar simulator models a standard, preconnectcd liquid solar

heating and cooling system. PLANT o~tput is similar to that of DOE-2.

Documentation for BLAST consists of a Users Manual [11] and an Input

Booklet [12] that contain daLa input forms for all BLAST instructions.

Limited validation data for the BLAST program have been published [13].

Like DOE-2, BLAST is available only on mainfram CDC and IBM computers at

a number of Department of Defense installations and computer service bureaus.

Because of its thermal balance loads calculative procedure, BLAST has

more extensive and flexible passive so’

(Table 3) than DOE-2. For direct-gain

simulates the distribution of solar gam

ar heating and cooling capabilities [14]

heating applications, BLAST accurately

ns on internal surfaces on an

hour-by-hour basis and accounts for solar gains transmitted from exterior to

interior zones. It accounts for the dynamic conductive and convective

coupling among zones using a simultaneous solution technique. Attacheu

surfaces and reveals, aetached body shading surfaces, and moveable insulation

can be modeled. Control is provided by a schedule, energy flow, or

temperature difference.

Thermal mass may bt. included as part of the zone structure or may be

added internal to the zone. Thermal storage walls, with or without

thermocirculation are nmdeled, including the venting of the storage wall to



the outside, driven by stack-effect natural convection within the storage wall

air channel.

A first-order daylighting algorithm, as well as direct forced ventilative

cooling, is included in BL4ST. A roof pond heating/cooling mocIel is to be

added as an update to BLAST 3.0.

IV. HOtiARE lllE-2AND BLAST USED F~ BUILDING ENERGY ANALYSIS? THREE CASE

STUDIES.

The flexibility and pwer of DOE-2 and BLAST as analysis tool” applied in

various phases of the design process will be illustrated by three case stuaies.

Tne Passive Solar Retrofit of an Office Building.

One of the projects in the Passive So;ar Commercial Buildings Program,

sponsored by DOE, was the retrofit of a six-story office building at

Carnegie-Mellon University (CMU) in Pittsburgh, Pennsylvania. This builuing,

the administration building for CMU, was very energy-inefficient as it was

constructed dnd as it is now operated. The objsctive of the redesign study

was to characterize the energy use of the existing building an~ to identify a

series of cost-effective passive solar, or other, retrofits that could be

implewnted by the University. The Los Alamos National Laboratory assisted

the Center for Building Sciences at CMU and its col)sultants by running DOE-2

in the retrofit analysis. The objective of the Los Alamos involvement was tu

run DPE-2 independent of, and as a check against, the analysis of the eneryy

consultant un the project, ‘nercorp of’Hdshington, DC. The LOS Alm!os rt?sl.’lts

and conclusions were compared with those of’Er

constrained by a tight architectural/engineer

study was not’so collstrainwl anJ consequently

First, a detailed DOE-2 andlysiz of tht!L

ercorp, whose analysis was

ng (A/E) budget. The Los A’

was more thorough,

Ct:llll s

xist,ing huilciing enurgy

(_OflSMllpti(lH was I:iddeand tht?na set of Obvious t?n~rgy cons~’rvtlt.iofl
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modifications (increasqd insulation, reduced lighting levels, and night HVAC

system shutdown) was assessed by both Enercorp and Los Alamos. Then a series

of six passive sol:hr retrofits to the “modified” building, sp~cified by CMU,

was assessed usi:lg CXIE-2. These retrofit options are listed in Table 4. The

runs were base~ on independent assumptions and interpretations of the as-built

drawingr. ?nd field data gathered from CMU personnel by Enercorp and

Lcs Alamas, However, Los Alamos had the benefit of more recent field data

from the Duilding.

s~!veral differences between the Enercorp and LOS Alamos nuaeling

assu!:lptiousfor the existing building and, therefore, for all subsequent ru~ls.

sl?wld be noted. Idhereas Enerf.orp modeled a single Variable Air Volume (VAY)

system for the building core and basement, LOS Alamos used two c~ilstallt v,)lmd

systems, one for each of these areas. Furthermore, Los Alarnos assumed the

mechanical room to be conditioned with a heating and ventilation unit whereas

Enercorp assured this area to be unconditioned. Both analyses used two-pipe

tar,coil units for tne perimeter zcne. Also, Enercorp scheduled the lights orl

inure infrequently and specifi~d a greater port inn of th(?heat frcm lights

goiny directly to the space thiw aid Los Alamas. Enercorp alluwe(! M-2 t(l

size tlw HVAC air flow rates, Mwreas Los Alamos used the fdn cdpdcitifis gIt’IiII

on the as-built drawings. A few other differences in ~ssuml’tinns for zone

conditioning, t.hurmostat setpuints, heating/cooling t’quipmunt av,~ll~!lility

schcd~les, and number ol znnes oc”~rred. ,!ics~dltft]r~~nrpsin lnp,it

assumption> are typlcdl of tht! interpretations ot difl~’r~nt dst’rswh~r)

analyzing tiltsame hullding; tn~s represt~nts the “u~er rff~ct.”

iiyure 7 shows ttlcre%ults of Llw>e run% exprus%rd iII energy end u~~’

(I,ial?ities (at th~ bultding sitr, lncludlrlg %twm grn(!rdtIon wd di$trll,,,!11111

lL)S5t?$ tl)l. tht’ Crnu Celltrd! StPdlll ~lldllt)dlld t)l-(ih~ll doWll by hV,ltl*lll, (()()!i?l!~,
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lighting, and miscellaneous energy use categories. Although the sensitivity

of results to the Input differences listed above was not determined, it is

noteworthy that the total energy use of the existing building is only slightly

over 12 per cent different for th(;two analyses. However, the differences in

the heating, cooling, and lighting categories are greater

Also shown in Fig. 2 are the results of the six passive retrofit

scenarios. Because of the H\’ACmodeling differences irithe two sets of

analyses, the Los Alarms results show significantly less effect from the

passive retrofits that ad/Jress the building loads (a maximum of 8 per cent

energy reduction from tl,ebase-case nndifications compared with 24 per cent.).

Therefore, hw the building is modeled with a tool such as DOE-2, especially

with regard to the IIVACsystem, can significantly affect the energy reduction

potential of passitd solar retrofits.

Because o: the low effectiveness of the passive solar retrofits,

Los Alamos further analyzed a series of basic energy conservtition scenarios

that emp$?,sized HVAC system rmdifications. The results of these runs, which

include one passive solar scendrio, are shown in [ig. 3 in terms of b,)ttl

energy and cost reduction; note the significant energy savings pr~’dieted.

&Jse ot DOE-2 in a P~~design Analysis..-

As pert ot the preparation of cksign crittr ia befor~? fl~~ selection f~w

rkw bulldirlgdesign, dll in-house ~rcdt=sign energy %tuuy W,19, cwld~cted or,tll~’

proposed ftable Isotopes Laboratory to be Iocatcriat Lus Alamo<. Thi\ H,L)[LI

ft2 Iaboratoly/utfice building wa> an~lyzud to d~’trrmirltla targl)t~’ncryy
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Beca~se no details of the building canstructioil were known, only data

dictated by the building program and Laboratory or 00E standards were

available. Theref ?, the proposed building was modeled as a five-zone

“shoebox” using a $reatly simplified input file structure for WE-2 developed

at Los Alamds. First, a base case conventiorlal builaing was analyzcti,

followed b.y a series of HVAC systems, lighting, and bu~lding envelope

alternatives. The results of this energy progranvning ar,alysis set a target

energy buaget of 96,000 @tu/ft2-yr, exclusive of pr~cess energy, using a

combination of VAV and constant volume HVAC s~stems.

The results of the ccmipdrison between the ci]flv~ntit~nJland

energy-conservative bdS&CaSe buildings are shuwn in thu f’f,e!-gjend usc

category charts of Fig. 4, Not(’ the significant energy reductiurl rus~ltl~g

from a proper se:ectlon of the HVAC system. The 10-yr acc(ued enurgy c~~st

results of a set of envelope or architectural nmdif ications

to the energy-corlse?vdtivt~ba~e case are shown in Fig. 5. ~PLdu\~J t)iih

building is intt?rndl-load dom~ndtrd, tileenvelope imprdvenrnt% hdvu ;Ittlt

effect on the dCCrut”~ Crl(!ryyC[l!)ts. Cnnseqwltly. pd~;lv~’ suld~’UptIWIS flH”

the buildilg env~lcpc wIII r)otwarrant much cunsiderdtiiln in l,itPrptl,i\(I:,n!

dd~ign. 011th(:otht’rh~nd, Fig. b showh t.ti,lt\tIVtII-dl {lll!~il)t,t~~.1~1~ options,

nldifllyIIghtlng reductiw dn~tHVA( systcll,and pl~r:t volt” I,ILII)II\, %Ignlf Icdt;l IV

dtlect the ~nrrgy costs. Thrsr results %trongly ~uqgl”,t tn,~t[’llginv~’rif,~

option> hu giv[’11gr~~t~+t c[)li~l(i~’tdt IO’] in th’ l~ttirph,l’,riof de>lqrl ,i~t)l,jy

repre5c!fltth~’t.h’ktUPP(JI:IInlti(~tfor rnt’rqy r~’dh(IIon. 1111% t.y[Jl(If

information i:,fm~’ltImplwtdnt, to thtiA/i (hIUI(IIlt~~,ll!,dIl(I\IIOUl(I hp im lii(l~’{1 111

the de%lgl~ (rlt(’;l~ rvport.

Thl”,rxamill~’lllustr,lt~l~,tlw fl~klllilIt.vdINlVlilUiIot h lUUI MI(II,W

hoi.;” f~l?”IIfdlf Iy (illl(.h,111(! \Illl\I II” ,illJ]v’,1’, ‘)f d 11,1 1 !11:11!1 Ill till. pl IIllt”, I!;ll
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phase. Such a simplified analysis is done using a simplified input file in

which the vast majority of input variables are default~d by DOE-2.

The Use of BLAST to Study Convective Heat Transfer Mechanisms within Thermal

Zones

Altho~gh BLAST has also been used for passive solar retrofit and

predesign studies of cmmnercial buildings, it is more appropriate tharlDOE-2

for studies of the effec~ of detailed energy transfer mechanisms within and

among zones of a boilcting, The rtisults of such studies are used not only to

develop heat transfer and passive solar mchanism models for BLAST, 00[-2, and

other building energy andlysis tools, but tu aid in assessing and ur]derstiill~ir~y

Uhl:h mchanisms are important and which are not under a variety of condition!,

fur different b~ilding typeS. A recent LBL study of the characterization of

convective heat transfer on the inside surtdces of a space will be described

to illustrate? this kind of analysis.

A detailed

owr horizontal

BLAST to asse~s

tempcrdturp IIepefldvntdlgorithm for rlaturdl convective! flows

ml vertical surfdces was dc!dt’dto a d(!velopmt’rlt.dlv~r~ilm [If

the importance!of th[’dt!tdiled modt’ling of th~?s~?proce~$(~~



#

Although this study is not yet complete and the sensitivity uf the load and

building energy consumption results to these varying paramters has not been

fully assessed, this study shows that assuming these coefficients to be

constants may lead to substantial errors in thermal load and air temperature

calculations, and in the distribution of gains and losses among the building

surfaces.

Because convective heat transfer is the weakest link in our understanding

of enwgy transfers in buildings, and because such ~rocesses have not been

studied in sufficient detail, the use of RLAST for such purposes is highly

appropriate. Only with a program such as BLAST, where the interaction cu

these processes with the HVAC system and with other ~lements of the building

envelope and lighting system can be studied in a fully coupled and dyrlnmic

manner, is this type of study appropriate.

v. FUTURE DIRECTIONS

There are two primary issues

bulldlng energy analysis computer

need discussion. The first deals

related to future directions in high-level

program development dnu applications th~t

with developnwnt nrl’ds and dir?!ctinllr,fur

these programs, and the second deals with the progr(’ss thdi. is l~~!ingm,id~I

towdrd il~cr[’atinquse of these programs.

INvulo nwnt N(vv1% M Dir(~Ltfon%
–.... .L._._- -..-.. ——- .. . ..
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additional research before accurate correlations and models can be developed,

implemented, and tested in the programs.

A seccnd area where these tools can be valuably developed and applied,

and where there is great need in the A/E cormnunity, is in the use of ODE-2 and

BLAST in parametric studies leading to the development of simplified design

tools, particularly for use in early design phases. Part of this effort

involves using the high-level programs to determine the range of applicability

of existing simplified tools such as the SLR mthod [15] ~nd Energy Graphics

[2]. Indeed, the development of simplified correlational design tools sho~ld

be based on the most complete, technically accurate and detailed, dncl

validated tools used as references.

A third area is in the use of these tools, combined with regional

economic analysis, in parametric studies for systems and concept assessnwnt

for passive solar and other energy-conserving strategies. In this manner, the

general cost-effectiveness of experimental strategies, as applied to various

building types, can be identified for the design con?nunity.

Finally, the existing versions of DO[-2 dnd BLAST, which use sepdrate

loads and systems programs wherein the variable temperature and sy$t,em control

strategies arv not properly treated, should be rvvised aridcom!lint’dintu a

single resedrch tool. Thf’details of this tool art?not known at this time,

but at a minimum, thu twl should includp combinud lo,lds/syst[wissimul~tiotlo

full thermal baldrlcc load% capahilitir”i, arltifull irltvrzonr coupling.

Progress Tow~rd lncl~i~sod Uw—.. ...-..-—-.— -_-—-..—-- --—....
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to use the programs and the “fear factor” of learning to use a new,

sophisticated tool is gradually diminishing anmg building analysts and

designers. The continued decrease in this fear factor with more education and
.

wider use will in turn produce even mre widespread use.

However, it has become evident that for DOE-2 or BLAST to be widely used

by design professionals, considerably simplified input schemes, including

graphical, need to be developed to reduce the cost and complexity af using the

programs. The use of M)E-2 with simplified input files, as described above,

is an example of what is needed.

Finally, CXIE-2, BLAST, and other high-level analysis tools are so

comprehensive, powerful, and sophisticated that most design professionals

still will seldom find time or investment opportunity to learn their use, even

with simplified input/output. Consequently, the small number of specialized

building energy analysis firms that now exist will !ikely see significant

grwth over the next 10 years. With the expected continued increase in real

fuel prices, coupled with new guidelines and stanr.l~rdsbeing considered or

developed by professional organizations and at various levels of govermellt,

the market for the servic~’s of such firms

developers is sure to increase.
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TABLE 1

CAPABILITIES OF HIGH-LEVEL COMPUTER-DYNAMIC TOOLS

1. Hour-by-Hour Heather .

2. Dynamic Calculations

3. Detailed Loads

● Building construction (including mass)
● Shading
● Mu”ltiple zones
o Passive solar
● Latent loads
@ Internal load schedules

4. Detailed Systems

● hide v~riety of HVAC systems
o Ccntrol strategies
@ Ernnomizer cycles
● Exhaust air heat recovery
o Fan operation

5. Detailed Plant

c Wide variety of equipmnt (including solar, energy storage,
heat recovery)

o Accurate part-load performance
● Load management
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TABLE 2

DOE-2 PASSIVE SOLAR CAPABILITIES

1. Direct Gain and Large Thermal Mass

9 Custom Ueighting Factors
6 Shading devices

2. Night Insulation

● Controlled by sch~dule

3. Thermal Storage Malls

● Vented and unvented
● Masonry or water walls

4. Sunspaces

● Attached sunspaces (convection and conduction through
massive walls between zones)

● Atriums
● Buffer spaces

5. Forced Ventilative Cooling
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TABLE 3

BLAST 3.0 PASSIVE SOLAR

Direct Gain and Large Thermal

● Multizone thermal balance
convective coupling)

● Intersurface radiation

CAPABILITIES

Mass

(dynamic conductive and

● Proper distribution of solar radiation in interior surfaces
● Shading devices

Night Insulation

9 Controlled by schedule, energy flow, or temperature
difference

Thermal Storage Walls

● Unvented or vented to exterior

Sunspaces

● Attached sunspaces
● Atriums
● Ruffer spaces

Forced Ventilative Cooling

Day\ighting

Auxiliarj Systt?mControl on Air and/or Mean
Radiant Temperature
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TABLE 4

HARNER HALL, CARNEGIE-MELLON UNIVERSITY

PASSIVE SOLAR RETROFIT @TIONS CONSIDERED

A. Insulating Panels on All kindows

B. Insulating Panels South and East Windows,
Reflective Film Applied to North and West Nindows

c. Canvas Awning Shades

1), Water Mall on South and East Windows

E. Light Shelf on South and East Uindows

F. Added Insulation



FIGURE CAPTIONS

1. Building design process schematic.

2, Comparison of energy use breakdown for several scenarios for Warner Hall,

Carnegie-Mellon University.

3. Annual energy use and cost comparison of Los Alamos modifications
analyzed for Warner Hall, Carnegie-Mellon University.

4. Energy end-use breakdowns for Stable Isotopes Laboratory, Los Alanms
National Laboratory.

5. Stable Isotopes Laboratory - architectural options.

6. Stable Isotopes Laboratory - engineering options.

7. Calculated and standard assumed convective coefficients ~11 the BLAST
program.
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COMPARISON OF ENERGY USE BREAKDOWN FOR WARNER HALL
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ANNUAL ENERGY USE AND COST COMPARISON
OF LOS ALAMOS MODIFICATIONS FOR WARNER HALL
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STABLE ISOTOPES LABORATORY

Bose Case = 352, 013 Ellu/f?z Q-yr

EmWY Budget Cam R95, 71?I 13tulf?2q yr
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CALCULATED AND <STANDARD ASSUMED> VALUES.

d
4.27

<3.(38>

DOUBLE PfiNE ●

WINDOW

1.97
<3.08>

2VBIENT AIF?

-1.79
<3.08>

ROOM AIR

. . . . .“
-: ”..-. .“---- --- .- . .. ---- -

I 7.18
I

2.73
I

1.64
<4.04> <4.04> <4.04>

1.15
<3.08>

-1 GRAYIIY

1.60
<3.oe>

SCALE 1 METER

2.47
<3.08> , ‘ N *


